Transsphenoidal surgery carries the risk of carotid artery injury even for very experienced neurosurgeons. The computer-assisted neurosurgical (CANS) navigational system was used to obtain more precise guidance, based on the axial and coronal images during the transsphenoidal approach for nine pituitary adenomas. The CANS navigator consists of a three-dimensional digitizer, a computer, and a graphic unit, which utilizes electromagnetic coupling technology to detect the spatial position of a suction tube attached to a magnetic sensor. Preoperatively, the magnetic resonance images are transferred and stored in the computer and the tip of the suction tube is shown on a real-time basis superimposed on the preoperative images. The CANS navigation system correctly displayed the surgical orientation and provided localization in all nine patients. No intraoperative complications were associated with the use of this system. However, outflow of cerebrospinal fluid during tumor removal may affect the accuracy, so the position of the probe when the tumor is removed must be accurately determined. The CANS navigator enables precise localization of the suction tube during the transsphenoidal approach and allows safer and less-invasive surgery.
Introduction
Transsphenoidal surgery requires precise orientation to avoid carotid artery injury. Previously intraoperative fluoroscopy has been used to monitor the transsphenoidal approach, but this technique can only provide sagittal guidance. Recent discussion of the transsphenoidal approach has described minimally invasive techniques such as endoscopy, 3) and computer-assisted image guidance may be another technique enabling less-invasive procedures. The computer-assisted neurosurgical (CANS) navigation system can provide both axial and coronal images, and thus obtain three-dimensional information for localization and surgical trajectory. [6] [7] [8] The present study examined the efficacy and drawbacks of the CANS navigation system for monitoring the transsphenoidal approach.
Patients and Methods
Nine patients with pituitary adenomas (mean age 58 years) underwent transsphenoidal surgery using the CANS navigation system (Shimadzu, Kyoto) between January 1999 and March 2001 (Table 1) . Diagnostic imaging including computed tomography (CT) and magnetic resonance (MR) imaging was obtained. All approaches were sublabial. One procedure was reoperation. All patients had macroadenomas with suprasellar extension, two associated with pituitary apoplexy. The mean diameter of the masses was 3.8 cm. Four cases were asymptomatic adenomas with compression of the optic chiasma, of which three were detected at brain check-up. 5, 9) Hor- monal studies revealed that eight cases were symptomatic and one case was a growth hormone-producing tumor presenting with acromegaly. Bone window CT revealed the nasal anatomy and provided useful information for the transsphenoidal approach. 10) Preoperative MR imaging was performed with four fiducial markers affixed to the bilateral mastoid tips, bregma, and nasion. The data were transferred and stored in the computer in the operating room via MO disk. The CANS navigation system uses Windowsbased software. Briefly, after the Mayfield headholder was applied to the cranium, the magnetic sources were attached to the holder (Fig. 1) . A magnetic sensor is mounted on the suction tube probe (Fig. 2) . The navigator detects the magnetic field using the magnetic sources and calculates the tip position of the suction tube. The four markers were calibrated and registered with the active pointer using the monitor. The registration accuracy was within 2 mm. The tip of the suction tube with the sensor was placed on the sublabia before the incision to confirm the operative trajectory. Suction tubes with a sensor were used until the sphenoid sinus was entered. The location of the tip of the suction tube was confirmed on the monitor to maintain the correct direction (Fig. 3) .
MR imaging was performed within 2 days postoperatively to evaluate the accuracy of the navigation system. The intraoperative position of the tip of the suction tube was recorded at a series of times to form the surgical track, which indicated the extent of tumor resection. The surgical track was shown as an accumulation of red spots superimposed on the postoperative MR image (Fig. 3) . 6) Simulation study using a dry skull was performed to determine any discrepancy between the real targets and the MR image.
Results
The mean setup time from the start of general anesthesia was 10 minutes. The mean operative time from incision to closure was 130 minutes. The system performed appropriately in all cases, and the registration accuracy was always within 2 mm. There was no difference in the localization of the internal carotid artery between the surgical track and the postoperative MR image in all cases. The simulation study using the dry skull showed a discrepancy of less than 1.5 mm between the real target for the internal carotid artery and the position of the tip of the suction tube. The navigation system was not useful for estimating the amount of suprasellar residual tumor because of the dislocation that occurred during the removal of the intrasellar tumor. Decompression of the optic nerve was satisfactory in all cases (Fig. 3) . No intraoperative complications were associated with the use of this system. No patients developed postoperative complications or recurrence during the follow up from 1 to 30 months.
Discussion
Stereotactic guidance for transsphenoidal surgery is of little value to experienced neurosurgeons who are accustomed to fluoroscopic guidance. However, stereotactic guidance can be of great value for younger neurosurgeons, since there is a risk of carotid artery injury during the transsphenoidal approach. Skull base tumors such as pituitary adenoma are not displaced or distorted by operative pro- CANS Navigator for Transsphenoidal Surgery cedures, so neurosurgical navigation is more useful for the operative management of pituitary adenoma. In this study, the CANS navigator could identify the location of the carotid artery during the procedure, and so will be a great asset for reoperations, in which landmarks are difficult to determine. The CANS navigator will be also valuable in cases of poor pneumatization of the sphenoid sinus or bony congenital parasellar anomalies. 1, 4) Various types of neurosurgical navigation systems are available to guide easy and safe access to sellar lesions. The multi-joint arm system is simple, but restricts the surgical field and the surgical procedures. 2) The optical sensor system provides spatial tracking but can be interrupted because surgeons or surgical instruments may intercept the light path. 1) The CANS navigator allows continuous and realtime monitoring throughout the operation in narrow operative fields, but this magnetic field modulation system can be disturbed by metallic instruments, so titanium or resin instruments are required to avoid drift of the three-dimensional digitizer. The error of the CANS navigation system can be decreased to 1 mm by using such surgical instruments. 8) Other factors affecting the accuracy include electromagnetic noise surrounding the magnetic field source and poor spatial precision of the scalp marker in calibrating the head position. A phantom study to compare the accuracy obtained using two-dimensional and three-dimensional data acquisitions indicated that more accurate stereotactic localization can be achieved with three-dimensional acquisition. 11) More accurate localization will provide a template for future studies of new navigation systems. However, brain distortion could affect the accuracy of the CANS navigator. The surgical track indicates the extent of tumor resection and can be superimposed on the postoperative MR image, 6) M. Onizuka et al.
but is not useful for estimating the amount of suprasellar residual tumor when the tumor was removed. Thus, close attention is needed to determine the position of the probe as resection proceeds. Intraoperative CT or MR imaging will provide additional information about the shift of residual suprasellar tumor, which may allow more complete removal of macroadenoma. 1) Lack of data on residual tumors was not a serious problem in our series. Suprasellar tumor was frequently reached with the curved tip of the suction tube without a magnetic sensor and we were able to rely on the accuracy of the CANS navigator until resection proceeded. A further limitation is cost, which may prevent widespread use.
The CANS navigator enables the precise localization of the suction tube during the transsphenoidal approach and allows safer and less-invasive surgery for pituitary adenomas.
